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Abstract: Our article is devoted to development and verifi-
cation of the metaheuristic optimisation algorithm in the
course of selection of the compositional proportions of the
slag-filled concretes. The experimental selectionof various
compositions and working modes, which ensure one and
the same fixed level of a basic property, is the very labour-
intensive and time-consuming process. This process can-
not be feasible in practice inmany situations, for example,
in the cases, where it is necessary to investigate compos-
ite materials with equal indicators of resistance to aggres-
sive environments or with equal share of voids in the cer-
tain range of dimensions. There are many similar articles
in the scientific literature. Therefore, it is possible to make
the conclusion on the topicality of the above-described
problem. In our article, we will consider development
of the methodology of the automated experimental-and-
statistical determination of optimal compositions of the
slag-filled concretes. In order to optimise search of local ex-
tremums of the complicated functions of the multi-factor
analysis, we will utilise the metaheuristic optimisation al-
gorithm, which is based on the concept of the swarm intel-
ligence. Motivation in respect of utilisation of the swarm
intelligence algorithm is conditioned by the absence of the
educational pattern, within which it is not necessary to es-
tablish a certain pattern of learning as it is necessary to do
in the neural-network algorithms. In the course of perfor-
mance of this investigation, we propose this algorithm, as
well as procedure of its verification on the basis of the im-
mediate experimental verification.
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1 Introduction
The majority of investigations in the sphere of the mod-
ern constructional materials and components science are
devoted to development of the high-quality compositional
materials, which would be in accordance with their desti-
nation in the best possible way. In this regard, such com-
positional materials are usually referred to as the high-
performance materials [1–3]. Both high-strength concrete,
which is intended for the bridge structures, and the rapid-
hardening low-strength mortar, which is intended for the
short-term reinforcement of the relevant materials, can be
included to the category of such materials.
This appropriation imposes the certain set of require-
ments in respect of: the criteria of quality of the relevant
material at the various stages of its production life; charac-
teristics of the structure; technological and performance
characteristics; criteria for persistence, level of which de-
termines the entire working life of the relevant structure
(particularly, in the case of operation in the severe environ-
mental conditions, in the aggressive environments, in the
conditions of low and/or high temperatures). In addition,
there exist the requirements in respect of: reliability; secu-
rity of properties in the systems, failures of which would
cause impermissible consequences; environmental crite-
ria in respect of the relevant "soundness" of technology;
waste utilisation; cost-effective use of resources, etc. Par-
ticularly, the concept of sustainable development [4] puts
forward requirements in respect of the assurance of per-
sistence and durability of concretes. Solving of this prob-
lem would make it possible to: reduce CO2 emissions in
the course of cement production; decrease consumption of
natural aggregates from the existing sources, which are al-
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most exhausted already; mitigate the problem of removal
of the concrete of the destroyed structures; as well as to
decrease expenses on repairs [2].
As of today, manufacturing companies are forced to
develop new high-technology products in record-breaking
time. At the same time, they must increase both quality of
these products, and efficiency of the relevant technologi-
cal processes in a narrow and in a broader sense. The lat-
ter statementmeans that despite of the fact that increase of
the durability is achieved, as a rule, at the expense of high
"initial" cost of thematerial as such, however, this process
would make it possible to decrease "total" costs. That is,
this process would be efficient for the entire system, which
contains suchmaterial. Therefore, such high-qualitymate-
rial would be the competitive product.
In this case, it is understood that it is necessary to en-
sure efficiency of the entire life of such material, "from
birth to death" (beginning from the first idea, through in-
vestigation, designing, and production, in the course of
utilisation of this material through the stage of its degra-
dation up to the stage of disposition). This statement com-
plieswith themodernphilosophy of quality: it is necessary
to assure quality of the product from the very beginning
(idea, project).
Similar problems occur in many branches of economy,
where it is necessary to develop chemical compoundswith
complicated compositions provided that such compounds
must comply with many conflicting requirements. For ex-
ample, neural networks have found widespread applica-
tion already in the processes of development of the compli-
cated molecules of various pharmaceutical products. This
fact is conditioned by the necessity of searching the op-
tima among many alternatives. In the course of accumu-
lation of the vast majority of the immediate data in re-
spect of the physical-and-chemical properties, biological
activity, spectra, and reactive capacity of various organic
compounds, the problem of generalisation and statistical
processing of these data has become very topical. Solving
of this problem would make it possible to develop meth-
ods of forecasting properties of new chemical compounds,
as well as to begin the target-specific molecular design of
the compounds, which would have the predetermined set
of properties. In the last few years, several hundred sta-
tistical approaches and methods of the computer-aided
learning are actively developed and used. A certain group
of methods (which are usually referred to as the "artifi-
cial neural networks", "computational neural networks",
or simply "neural networks") plays the main and ever-
increasing role among all these approaches and methods.
In addition, it is alsopossible tomentionarticle [5] and
to pay attention to article [6]. Within the latter article, com-
plexity of optimisation of the composition, which must
comply with the conflicting requirements, has resulted in
development of the relevant mathematical model and the
algorithm,which ensures optimisation of this composition
in accordance with the predetermined operational param-
eters and price. The algorithm, which is described in this
article, makes it possible to substantiate and to select op-
timum reagents at each stage and, consequently, to rec-
ommend them for subsequent investigation. The whole
purpose of this experiment was connected with the neces-
sity to determine the optimum relationship of the original
reagents. In addition, this article describes process of se-
lection of the most efficient emulsifying agent (type, con-
centration) for the required combination of components
through decreasing proportion of this emulsifying agent
in the final solution and, therefore, preparation of the
technological agent, which would have the desired prop-
erties [7, 8].
In our article, we would like to develop similar ap-
proach in order to forecast properties of the slag-filled con-
cretes. Of course, concretes (even if they are multicom-
ponent/blended concretes) are much more simple com-
pounds as compared with the pharmaceutical products;
therefore, it is possible to simplify this algorithm essen-
tially. However, the most substantial components of this
approach (search, classification, and sorting of the local
minimums of the integral function in the course of the
multi-factor analysis, which takes into consideration all
properties of the compounds under investigation) cannot
be simplified, and they will remain unchanged, therefore
they must be performed in all entirety. In the case of more
simple function in the course of the multi-factor analysis,
it would be possible to forget all complexities, which are
connected with simulation of behaviour of big quantity of
neurons. Therefore, it would be possible to make search
with the help of the algorithms of the swarm intelligence
or with the help of the evolutionary algorithms (instead
of simulation of the neural network). Then, there is the
question as follows: why it is not possible to perform di-
rect experiments for the simple concretes? There is the an-
swer, of course. As concerns the sphere of constructional
materials science, any experiment (being the main source
of information), as a rule, is the very labour-intensive and
time-consuming process (great cost of materials, as well
as duration of the structure formation and destruction pro-
cesses). First of all, it is connected with duration of the de-
struction processes. Indeed, how it is possible to obtain
the prompt answer to the following question: whether a
concrete of a certain composition would have its carrying
properties during a prolonged period of time in any aggres-
sive environment, for example, in the conditions of the
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seawater? There exist many assumptions, which make it
possible to estimate the resistance of concretes to chemi-
cal attacks, as well as their mechanical strength, however,
they are hypothetical assumptions to a certain degree and
they cannot give the relevant answer as the result of the
immediate experiment, but such experiment can require
many time. It is understood that in order to obtain prompt
answers in these conditions, it would be necessary to de-
velop methods of the experimental-and-statistical simu-
lation. Therefore, an experiment and simulation are two
components of the joint system, which ensures optimisa-
tion of the formulation-and-technological solutions.
It is possible to state that the approach, which we
propose to apply, is the kind of the experimental-and-
statistical simulation. It is a certain combination of presen-
tations, methods, and algorithms, which connects mathe-
matical planning of experiment, regression analysis, and
other facilities of the applied statistics with the meaning-
ful analysis of models and which is intended to the most
comprehensive extraction of information from the experi-
mental data in respect of the object/system under investi-
gation [9–11]. Such combination is necessary in order to en-
sure utilisation of these data and simulate a composition
of the building material with the predetermined proper-
tieswithout performance of the full-scale experiment. This
package of facilities for investigation/simulation includes
four main modules of the interconnected actions.
1. Determination and substantiated selection of the ex-
periment conditions, that is, "the advanced plan-
ning" [12] and "metrisation" [13] of the experiment.
Selection (on the basis of the system approach) of
those factors, which can be varied in the course
of this experiment (selection of the controlled in-
put factors, levels of which can be predetermined or
fixed), as well as selection of those criteria, which
can be measured (selection of the output factors,
responses, properties of the object). At the same
time, it is necessary to determine the ranges of
such variation taking into account the physical-and-
chemical properties, technological parameters, as
well as other a-priori knowledge and various data
in respect of this experiment. All these data must
be agreedwith themethodological andmetrological
features of the relevant object, as well as with the in-
strumental possibilities of the entire investigation.
2. Planning of the optimummulti-factor experiment [9,
12, 13]. At this stage, it is necessary to analyse and
take into consideration the following parameters:
structure of the vector of various factors; form of the
regression model, which would be rational for the
relevant problem; obligatory experiments (at the cer-
tain combinations of levels of the relevant factors),
which must be predetermined "by the concrete tech-
nologist"; as well as "the prohibited" zones of the
factor space [13].
3. Development of the regression models in accor-
dance with the experimental data. These models
must be cleared from the statistically insignificant ef-
fects. In addition, these models must be recognised
as the models, which are adequate to the results of
the relevant experiment (in accordance with the ac-
cepted risk or the accepted error level). In a certain
number of situations, it is allowed to utilise the algo-
rithm "with the generated error of this experiment"
[14].
4. Solving of the scientific and technological prob-
lems in respect of each specific experimental-and-
statistical model, as well as in respect of the en-
tire package of these models [9, 13] with the help
of the special facilities of visualisation (with subse-
quent convolution of the multi-factor functions into
the small-dimensional functions, which can be rep-
resented as graphs, as diagrams "of the potential
landscapes", and so on.). These problems are the
problems of: analysis, interpretation, optimisation;
determination of the permissible and optimum solu-
tions; minimisation of resources; estimation of role
of various factors; estimation of confidence intervals
for engineering recommendations, etc.
In our article, we will consider development of
the methodology for the automated experimental-and-
statistical determination of optimal compositions of the
slag-filled concretes. In order to optimise search of local
extremums of the complicated functions in the course of
the multi-factor analysis, we will utilise the metaheuris-
tic optimisation algorithm, which is based on the concept
of the swarm intelligence. Slag-filled concrete is the con-
crete, which complies with the special combinations of
requirements in respect of the productivity and smooth-
ness and which is manufactured with utilisation of un-
usual components of the concrete, as well as with certain
variations in respect of the practice of mixing, installa-
tion, and hardening of the concrete. Dosing of the concrete
mixtures for the slag-filled concretes includes three stages:
(1) selection of the suitable components; (2) determina-
tion of quantities of various components for production
of the concrete, which would be cost-effective, however,
whichwould achieve the desired characteristics, aswell as
(3) painstaking quality control of each process of the con-
crete production [15]. At the stage (1) combination of rel-
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evant materials is determined on the basis of the desired
characteristics, availability of materials, and their prices.
Stage (2) is interconnected with the stage (1), because of
quantity of each material, which was selected at the stage
(1), is determined in order to ensure achievement of the
desired characteristics in the most cost-efficient manner.
Proportion of the mixture, which was determined at the
stage (2), will be additionally checked with utilisation of
the trial concrete mixes in order to be sure that proportion
of the mixture complies with both the desired characteris-
tics, and the cost-effective aspect. Stage (3) includes subse-
quent important operations: propermonitoring of smooth-
ness of raw materials, dosing, mixing, transportation, in-
stallation, vibromechanical treatment, and hardening of
the concrete, including tests of the hardened concrete [15].
Goodproportion of themixturewould result in the satisfac-
tory quality of the concrete, which would have all desired
characteristics, as well as would minimise quantity of the
trial concrete mixes [16].
Taking into consideration the importance of achieve-
ment of the correct proportion of the concrete mixture, we
will concentrate our attention in this article on the sec-
ond stage, that is, on determination of quantity of vari-
ous components. Difference between compositions of the
slag-filled concrete and usual concrete is connected with
the fact that the slag-filled concrete contains certain addi-
tional materials and chemical additives (slag as such, as
well as other compensating additives). At the same time,
the slag-filled concrete contains the main components of
the usual concrete (that is, ordinary Portland-cement, wa-
ter, fine aggregates, and coarse aggregates) [17, 18]. How-
ever, there is no any uniform or unique composition for
such concretes; therefore, selection of the optimum com-
position of such concrete will be an original problem ev-
ery time [19, 20]. In the absence of the generalised sys-
tematic method of composition of the concrete mixtures,
trial concrete mixes play the main role in the process of
finding suitable proportion of the concrete composition,
which would have the desired specific characteristics [21].
Despite of the fact that several methods of designing were
already developed, there is no any generalised systemic
method for dosing the composition for an arbitrary con-
crete mixture until now (and certainly, there is no method
for such complicated compositions as the slag-filled con-
cretes). In these latter days, there are many publications,
which are devoted to various attempts to develop any such
generalised methodology [16, 22–24]. Many methods on
the basis of the artificial intelligence have been already de-
veloped in order to forecast quality of the concrete and en-
sure optimisation in the course of the multi-factor analy-
sis of the experimental-and-statistical data. However, al-
gorithms of the metaheuristic optimisation can be of spe-
cial interest [25–27]. In our article, we will use a certain
variation of the swarm intelligence algorithm in order to
search local and global extremums in the course of the
multi-factor analysis of the experimental-and-statistical
data. Motivation in respect of utilisation of the swarm in-
telligence algorithm is conditioned by the absence of any
educational pattern, within which it is not necessary to es-
tablish a certain pattern of learning as it is necessary to do
in the neural-network algorithms. Therefore, this method
prevents any forced fitting of the experimental data in ac-
cordance with the usual equations for calculation of the
concrete mixture or in accordance with any other function.
This algorithm is the algorithm of the external nature in
respect of the analysed data. Therefore, it can be adapted
to the data of any nature with the help of the inessential
adjustments. Moreover, in the case of addition of any new
data to the database, learning of the algorithm is not re-
quired. As comparedwith other popular algorithms of clus-
terisation (such as fuzzy C-average, K-average, and spec-
tral clusters, fuzzy ART-clusterisation), it is not necessary
to state quantity of clusters in our case.
2 Materials and methods
2.1 The materials, which are utilized in
practice
In order to check the proposed metaheuristic algorithm in
the course of estimating the proportion of the slag-filled
concrete mixture, we have collected the special database,
which included the data of relevant experiments. Results
in respect of 79 proportions of the slag-filled concrete mix-
tures were collected in the database, which was provided
by the company that produces the premixed dry concretes.
The materials, which were used in the slag-filled concrete,
were as follows: ordinary Portland-cement, F Class slag,
water, river sand, coarse aggregates (maximumdimension
of particles: 20 mm), and superplasticizers on the basis of
the polycarboxylate ethers (PCE). All these tests were per-
formedwith the help of the cubic samples (dimensions: 10
cm × 10 cm × 10 cm), which were manufactured in accor-
dancewith the procedures of the relevant standard (MSEN
12390). Table 1 presents the materials, which are utilized
in practice, as well as values of the 7th day compressive
strength and 28th day compressive strength.
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Table 1: Range of materials and compressive strength in the database of the fly-ash high-performance concretes
Materials Unit of
meas-t
Minimum Maximum Average Standard
deviation
Ordinary Portland cement kg/m3 364 702 507.95 75.53
Fly ash kg/m3 0 272 127.26 67.06
Water kg/m3 118 175 148.13 11.70
Fine aggregates kg/m3 611 764 670.69 42.57
Coarse aggregates kg/m3 917 1,086 968.63 42.69
Superplasticizer kg/m3 3.33 17.165 7.135 2.94
7th day compressive strength MPa 46.17 91.5 65.72 8.71
28th day compressive strength MPa 63.17 106 80.38 6.89
2.2 The algorithm of the metaheuristic
optimisation
Let us assume that f :Rn→ R is the target function, which
must beminimised, S is the quantity of particleswithin the
swarm. Let us assume that each of these particles is char-
acterised by its individual value of the coordinate xi ∈ Rn
within the space of solutions, as well as by its individual
value of the velocity vi ∈ Rn. Let us also assume that pi is
the best known position of the particle i, while g is the best
known state of the entire swarm. Then, general presenta-
tion of the swarm method is as follows.
• For each particle i = 1, . . . , S it is necessary to do the
following:
• To generate initial position of the particlewith
the help of the arbitrary vector xi ~U(blo,bup),
which would have the multivariate uniform
distribution. In this case, blo and bup would
be the lower and the upper boundaries of the
space of solutions, respectively.
• To ensure that the best known position of this
particlewill bedetermined inaccordancewith
its initial value: pi ← xi.
• If (f (pi) < f (g)), then it is necessary to re-
new the best known state of the swarm as fol-
lows: g← pi.
• To ensure that this particle will be deter-
mined in accordance with its value of veloc-
ity: vi ~ U(-(bup-blo), (bup-blo)).
• It is necessary to repeat these operations until the
moment, when the stopping criterion would be per-
formed (for example, until the moment, when the
predetermined quantity of iterations or the neces-
sary value of the target function would be achieved):
• For each particle i = 1, . . . , S it is necessary to
do the following:
• Togenerate arbitrary vectors rp, rg ~U(0,1).
• To renew value of velocity of the parti-
cle: vi← ω vi + φp rp × (pi-xi) + φg rg ×
(g-xi), where "×" operation means the
component-wise multiplication.
• To renew value of position of the parti-
cle with the help of operation of trans-
fer xi to the vector of velocity: xi ←
xi + vi. It is worth to note that this op-
eration is to be performed regardless of
the improvement of value of the target
function.
• If (f (xi) < f (pi)), then it is necessary to
do the following:
• To renew value of the best known
position of the particle: pi ← xi.
• If (f (pi) < f (g)), then it is nec-
essary to renew the best known
state of the entire swarm: g← pi.
• Now value of g contains the best solu-
tion as compared with all other solu-
tions, which were already found.
Parameters ω, φp, and φg must be selected with the
help of computations. These parameters determine be-
haviour and efficiency of the entire method. These param-
eters form the subject-matter of many investigations. Ped-
ersen et al. have proposed the simple and efficient way to
select parameters of thismethod. Therefore, wewill follow
propositions of their articles [28, 29] to a considerable ex-
tent. In addition, these authors have performed the numer-
ical experiments with various optimisation problems and
parameters. Methodology of selection of these parameters
is referred to as the "meta-optimisation", because of an-
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Figure 1: The adaptational landscape, which was constructed on the basis of reference points of the experimental data. The left section
presents convolution to the three-dimensional image. The right section presents the space for determination of the function, which would
comply with the target indicators of the concrete strength, which were prescribed at the input of the metaheuristic algorithm.
Table 2: The proposed proportions of the composition, which were obtained on the basis of the metaheuristic optimisation.
Desired 7th
day/28th day
compressive
strengths (MPa)
Tolerances
(%)
Cement
(kg/m3)
Fly ash
(kg/m3)
Water
(kg/m3)
Sand
(kg/m3)
Granite
(kg/m3)
Superplasticizer
(l/m3)
Estimated 7th
day/ 28th day
compressive
strengths (MPa)
55/65 ±5/±10 390 213 142.125 676.5 981 5 51.00/68.16
58/70 ±5/±5 470 130 169.11 664 996 3.86 56.88/70.72
60/75 ±5/±10 470.24 136.24 146.92 703.41 971.71 6.796 57.31/75.85
68/80 ±5/±10 498.5 189.5 140.583 624 936.25 11.293 66.37/81.33
70/85 ±5/±5 573 112.57 145.90 644.29 943.71 9.54 71.85/85.10
other optimisation algorithm is utilised in order to "adjust"
parameters of the entire swarm. The input parameters of
the swarm intelligence algorithm with the best productiv-
ity do not correspond to the main principles, which are de-
scribed in the scientific literature. Therefore, these param-
eters often ensure satisfactory results of optimisation for
the simple situations only. It is possible to read description
of implementation of these parameters in the SwarmOps
open-source library [30].
3 Results and discussion
In accordance with the database, which contains the char-
acteristics that are presented in Table 1, the proposedmeta-
heuristic algorithm for estimating the proportion of the
slag-filled concrete composition was used in the course
of estimating proportions of the composition for the de-
sired values of the 28th day compressive strength (these
desired values were as follows: 65, 70, 75, 80, and 85 MPa
with tolerances ±5%). In addition, we have attempted to
demonstrate universality of the proposed fuzzy model on
the basis of the metaheuristic algorithm, which is capable
to predict more than one criterion of efficiency. Therefore,
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Table 3: Comparison of the predicted and experimental results.
Desired 7th day/28th day
compressive strengths (MPa)
Predicted results (MPa) Experimental results
(MPa)
Errors (%)
55/65 51.00/68.16 57.80/71.40 +11.76/4-4.76%
58/70 56.88/70.72 50.53/72.75 −12.6/+2.87%
60/75 57.31/75.85 57.23/80.45 −0.14/+6.07%
68/80 66.37/81.33 75.30/82.70 +11.9/+1.68%
70/85 71.85/85.10 68.24/87.10 −5.29/+2.35%
we have also determined the second criterion of efficiency,
that is, the 7th day compressive strength with tolerances
±5% or ±10% (depending on the suitability of the relevant
tolerance in order to determine such proportion of themix-
ture,whichwould correspond toboth criteria of efficiency).
Table 2 presents results of this attempt.
Figure 2 presents the three-dimensional image of
the multidimensional function (in the adaptational land-
scape), within which the proposed metaheuristic algo-
rithm performs search of the optima (following convolu-
tion of the dimensionality of this function)
Figure 2 and Table 3 present comparison of the exper-
imental and theoretical attempts
The forecasted results of the metaheuristic optimisa-
tion in the course of estimating the proportion of the slag-
filled concrete mixture, which are presented in Table 2,
have been used in the experimental work with the pur-
poses of verification. In order to ensure reproducibility of
results, we have used the concrete samples with the same
dimensions, that is, we have used the cubeswith the 10 cm
length of edges. It is important to emphasize that the exper-
imental work has been performed at another production
shop, where the fine and coarse filling agents for the con-
crete mixtures differ from the samples, which were man-
ufactured for the initial database (it is the obvious restric-
tion of the entire our investigation). However, the Portland-
cement, slag, and superplasticizer were the same. Table 3
presents comparison of the desired, predicted, and exper-
imental results. Each experimental result is the average
value for three samples. It is obvious that all experimental
results for the 28th day compressive strength exceed the
predicted results (with errors from 1.68% up to 6.07%). Er-
rors of results for the 7th day compressive strength exceed
the errors for the 28th day compressive strength; however,
all these errors are lower than 12.6%.
Later on,wehave performed the statistical analysis be-
tween the predicted results and experimental results. We
have determined values of the root-mean-square errors at
the level of 4.7MPa, aswell as value of the coefficient of de-
termination (R2) at the level of 0.996. These results confirm
Figure 2: Comparison of the desired, predicted, and experimental
results.
accuracy of the metaheuristic optimisation in the course
of estimating and forecasting proportions of the slag-filled
concrete composition. In addition, these results demon-
strate that the metaheuristic optimization, which is pro-
posed for estimating the proportion of the slag-filled con-
crete composition, is both useful and reliable tool for the
new approach to the procedure of designing various new
compositions. In the situations, where the concrete mix-
ture would be prepared in accordance with the predicted
proportion with utilisation of the standard procedure, it
would be possible to achieve the desired characteristics of
the concrete.
4 Conclusions
This article describes discussion of the metaheuristic opti-
misation on the basis of the swarm intelligence algorithm
in the course of estimating the proportion of the slag-filled
concrete composition with the predetermined characteris-
tics in accordancewith the experimental data. Thus,wede-
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velop themodel, which obtains the desired characteristics
of the concrete from the end-user from the very beginning.
Then this model selects the data, characteristics of which
are close to the required characteristics, and constructs the
multidimensional space, within which it is possible to de-
fine the multidimensional polynomial function, for which
relevant adaptation landscape is defined on the basis of
the reference points of the experimental data. Later on,
the metaheuristic swarm intelligence analyses this mul-
tidimensional landscape in order to organise search of
extremums. Then this metaheuristic swarm intelligence
finds global and local optimums, classifies them, and, at
last, estimates the proportion of the concrete mixture. The
calculated proportion of themixture, which was proposed
by this model, was confirmed by the experimental data in
respect of the slag-filled concrete. It was established that
the predicted results are in good correspondence with the
experimental results: maximum errors of forecasting are
equal to 12.6% (for the 7th day compressive strength) and
6.07% (for the 28th day compressive strength). In addition,
it was demonstrated that this model is capable to estimate
proportions of the mixture with various components. At
the same time, themodel can to reveal potential emissions.
This advantage would help to prevent utilisation of the po-
tential emissions in the course of estimating proportion of
the concrete mixture. However, utilisation of this model
will be restricted, if volume of the relevant databasewill be
small due to the absence of the data, which can define the
set of the certain characteristics of the concrete. Another
restriction of this model is connected with the fact that
it cannot take into account the experimental data, which
do not correspond to the predetermined initial data (for
example, if the experimental reference point with incom-
plete/absent datawasdefined).Of course, it is not a critical
restriction; however, we have already planned subsequent
investigations in order to ensure utilisation of this model
in the cases of absence of the input data.
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